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TREATMENT APPARATUS USING PROTON
AND ULTRASOUND AND METHOD OF
TREATING CANCER USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This U.S. non-provisional patent application claims pri-
ority under 35 U.S.C. § 119 of Korean Patent Application

No. 10-2017-0046239, filed on Apr. 10, 20177, the entire
contents of which are hereby incorporated by reference.

BACKGROUND

The present disclosure herein relates to a treatment appa-
ratus using proton and ultrasound and a method of treating
cancer using the same, and more particularly, to a complex
cancer treatment apparatus capable of treating and monitor-
ing cancer and a method of treating cancer using the same.

Cancer treatment using proton can reduce a radiation dose
that 1s unnecessary for normal tissues, so there are no
sequalae after surgical procedures, when compared to typi-
cal radiation treatment. However, when a head and neck
cancer recurs, 1t 1s diflicult to treat the cancer by using the
proton, and thus neutron treatment may be used 1nstead of
using the proton treatment. The neutron treatment uses a
principle, in which, when an element (for example, boron)
for catching the neutron 1s placed at a treatment region, beta
rays or gamma rays, which are generated through the
coupling between the element and the neutron, attack and
destroy cancer tissue. When the neutron 1s used to treat the
cancer, there may be several limitations. For example, since
the neutron has no electric charge, it 1s diflicult to control the
neutron, unlike the proton. Also, the normal tissue may be
casily exposed to the neutron, resulting 1n side etlects.

Also, 1t 1s not easy to 1dentify a dose or a depth profile of
a particle beam through the proton treatment. When a dose
distribution of the particle beam within the human body 1s
not accurately identified, a treatment planning system may
not accurately calculate a dose that would be exposed 1n the
human body. Therefore, when the proton treatment 1s con-
ducted, the treatment 1s performed with an additional margin
for a plannming target volume (PTV), taking into consider-
ation of safety for patients.

Since a proton beam enters the human body as much as
energy 1t has, transfers all the energy, and then 1s absorbed,
it 1s 1mpossible to predict an internal dose by measuring an
exit dose and finding the distribution of the proton beam. At
the beginning of the proton treatment, a positron emission
tomography (PET) method was proposed, which measures a
location at which pair annmihilation of a positron occurs
wherein the positron 1s produced by the interaction with an
atom or a nucleus constituting the inside of the human body.
However, since a half-life of a positron emitter produced by
the nuclear reaction 1s long, it 1s mappropnate to check the
distribution of the positron emitter 1n real time. Furthermore,
there 1s little correlation between the dose distribution of the
proton beam and a location at which the positron emitter 1s
produced.

SUMMARY

The present disclosure provides a treatment apparatus
using proton and ultrasound, capable of increasing the
treatment effect and monitoring 1n real time with respect to
a tumor.
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The present disclosure also provides a method for treating,
cancer by using proton and ultrasound, capable of increasing
the treatment effect and monitoring 1n real time with respect
to a tumor.

The object of the present disclosure 1s not limited to the
aforesaid, but other objects not described herein will be
clearly understood by those skilled in the art from descrip-
tions below.

An embodiment of the iventive concept provides a
treatment apparatus using proton and ultrasound, the treat-
ment apparatus including a proton generator configured to
emit a proton beam to a tumor of a human body; an
ultrasound generator configured to emit an ultrasonic beam
to the tumor 1n a direction crossing an emission path of the
proton beam; and a sensor configured to measure an acoustic
signal generated during the emission of the proton beam.

In an embodiment, the treatment apparatus may further
include a controller configured to calculate a stop point of
the proton beam or an exposure dose of the proton beam,
from the acoustic signal measured by the sensor.

In an embodiment, the proton generator may include a
high power laser or a proton accelerator.

In an embodiment, the proton accelerator may include a
synchrotron accelerator or a cyclotron accelerator.

In an embodiment, the ultrasound generator may be
configured to emit the ultrasonic beam by using a transducer
based on a piezoelectric element or a pulse laser.

In an embodiment, the treatment apparatus may further
include an additional ultrasound generator for emitting an
additional ultrasonic beam to the tumor, wherein the addi-
tional ultrasound generator 1s disposed to be spaced apart
from the ultrasound generator so that a first emission path of

the ultrasonic beam crosses a second emission path of the
additional ultrasonic beam 1n a cross-section.

In an embodiment of the inventive concept, a method for
treating cancer by using proton and ultrasound, the method
includes: emitting an ultrasonic beam to a tumor of a human
body; and emitting a proton beam to the tumor irradiated
with the ultrasonic beam, wherein an emission paths of the
ultrasonic beam and the proton beam cross each other 1n a
cross-section.

In an embodiment, the proton beam may be emitted so
that the proton beam has a stop location within the tumor,
and the ultrasonic beam may be emitted so that the ultrasonic
beam has a focal zone overlapping the stop location.

In an embodiment, the focal zone may have a width
greater than that of the stop location.

In an embodiment, the focal zone may have a width equal
to a distance between a point of the human body at which the
proton beam mitially arrives and the stop location.

In an embodiment, the focal zone may have a width equal
to a distance between a point of the tumor at which the
proton beam 1initially arrives and the stop location.

In an embodiment, the method may further include mea-
suring an acoustic signal generated while the proton beam 1s
emitted.

In an embodiment, the method may further include cal-
culating an exposure dose of the proton beam and a stop
point of the proton beam, from the measured acoustic signal.

In an embodiment, the method may further include emit-
ting an additional ultrasonic beam to the tumor before the
proton beam 1s emitted, wherein the emission paths of the
ultrasonic beam and the additional ultrasonic beam cross
cach other 1n a cross-section.

BRIEF DESCRIPTION OF THE FIGURES

The accompanying drawings are included to provide a
further understanding of the inventive concept, and are
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incorporated in and constitute a part of this specification.
The drawings illustrate exemplary embodiments of the
inventive concept and, together with the description, serve to
explain principles of the inventive concept. In the drawings:

FIG. 1 1s a schematic cross-sectional view for 1llustrating,
a configuration of a treatment apparatus using proton and
ultrasound according to embodiments of the inventive con-
cept;

FIG. 2 1s a flowchart for explaining a method for treating
cancer by using the treatment apparatus of FIG. 1;

FIGS. 3 to 7 are schematic conceptual views for explain-
ing the method for treating cancer by using the treatment
apparatus of FIG. 1;

FIG. 8 1s a schematic cross-sectional view for illustrating
a conflguration of a treatment apparatus using proton and
ultrasound according to other embodiments of the inventive
concept; and

FIG. 9 1s a schematic conceptual view for explaining a

method for treating cancer by using the treatment apparatus
of FIG. 8.

DETAILED DESCRIPTION

Advantages and features of the present disclosure, and
implementation methods thereol will be clarified through
following embodiments described 1n detail with reference to
the accompanying drawings. The present disclosure may,
however, be embodied 1n different forms and should not be
construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey
the scope of the present disclosure to those skilled in the
technical field to which the present disclosure pertains.
Further, the present disclosure 1s only defined by scopes of
claiams. Like reference symbols refer to like elements
throughout.

In this specification, the terms are used only for explain-
ing embodiments while not limiting the present disclosure.
In this specification, the singular forms are intended to
include the plural forms as well, unless the context clearly
indicates otherwise. It will be understood that the terms
‘comprises’ and/or ‘comprising’, when used in this specifi-
cation, specily the presence of stated components, steps,
operations and/or elements, but do not preclude the presence
or addition of one or more other components, steps, opera-
tions and/or elements. Also, since preferred embodiments
are provided below, the order of the reference numerals
given 1n the description 1s not limited thereto.

Additionally, the embodiments described 1n this specifi-
cation will be explained with reference to block diagrams,
cross-sectional views, and/or flow charts as 1deal exemplary
views ol the present disclosure. In the figures, the sizes
and/or thicknesses of components are exaggerated for effec-
tively describing the technical contents. Accordingly, shapes
of the exemplary views may be modified according to
manufacturing techniques and/or allowable errors. There-
fore, the embodiments of the present disclosure are not
limited to the specific shape illustrated 1n the exemplary
views, but may include other shapes that may be created
according to manufacturing processes. Therefore, the com-
ponents exemplified in the drawings have general properties,
and shapes of the components exemplified 1n the drawings
are used to 1illustrate specific features of components 1n a
device. Thus, this should not be construed as limited to the
scope of the present disclosure.
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Hereinatter, embodiments of the inventive concept will be
described below 1n more detail with reference to the accom-
panying drawings.

FIG. 1 1s a schematic cross-sectional view for illustrating
a confliguration of a treatment apparatus using proton and
ultrasound according to an embodiment of the inventive
concept.

Referring to FIG. 1, a treatment apparatus 10a using
proton and ultrasound may include a proton generator 100,
an ultrasound generator 200, a sensor 300, and a controller
400.

The proton generator 100 may emit a proton beam 110 to
a tumor 60 1n a human body 50. The tumor 60 may be, for
example, a cancerous tissue. The proton generator 100 may
include a high power laser or a proton accelerator. The
proton accelerator may include, for example, a synchrotron
accelerator or a cyclotron accelerator. The high power laser
or the proton accelerator may adjust energy of a proton so
that the proton beam 110 has the Bragg peak at a point where
the tumor 60 in the human body 50 1s located. The Bragg
peak represents characteristics 1 which a proton rarely
emits radiation when moving 1n a substance but emits
radiation when staying 1n a substance. When the energy of
the proton beam 110 1s adjusted by considering a position
where the proton beam 110 1s emitted to the human body 30
and then stopped, the radiation 1s emitted to only the tumor
60 located at a specific place in the human body 50 to treat
a cancer cell. Hereinafter, the position, at which the proton
beam 110 1s emitted to the human body 50 and then stopped,
may referred to as a Bragg peak position 110S.

The location and size of the tumor 60 (for example, a
length or a width) may be obtamned from a treatment
planning system, 1.¢., image diagnostic equipment such as a
magnetic resonance 1imaging (MRI) apparatus, a computer
tomography (C1) imaging apparatus, a positron emission
tomography (PET) imaging apparatus, or an ultrasonic wave
device. The energy of the proton beam 110 or the area
irradiated by the proton beam 110 may be appropnately
adjusted depending on a position, a size, or a state of the
tumor 60.

The ultrasound generator 200 may emit an ultrasonic
beam 210 to the tumor 60 in the human body 350. The
ultrasound generator 200 may include, for example, an
ultrasonic device based on a contact-type probe, or a laser
ultrasonic device. The ultrasonic device based on the con-
tact-type probe may use a transducer based on a piezoelec-
tric element to emit the ultrasonic beam 210, and the laser
ultrasonic device may use a pulse laser to emit the ultrasonic
beam 210. During the emission of the ultrasonic beam 210,
the ultrasound generator 200 may be closely attached to the
human body 350 or spaced apart a predetermined distance
from the human body 30. The ultrasonic beam 210 emaitted
from the ultrasound generator 200 may proceed in a direc-
tion crossing the emission path of the proton beam 110. That
1s, the emission path of the ultrasonic beam 210 may not be
parallel with that of the proton beam 110. For example, the
emission path of the ultrasonic beam 210 may be perpen-
dicular to that of the proton beam 110, in a cross-section.
Furthermore, the ultrasonic beam 210 may be a focused
ultrasound. That 1s, the ultrasonic beam 210 may be focused
on a focal zone to create a relatively narrow width (or a
diameter), and then diffused. The focal zone of the ultrasonic
beam 210 may overlap at least a portion of the tumor 60 and
the Bragg peak position 110S.

The sensor 300 may measure an acoustic signal generated
during the treatment of the tumor 60. For example, the
sensor 300 may be an acoustic sensor. When the proton
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beam 110 1s emitted to the iside of the human body 50, the
acoustic signal may be generated by the interaction between
a proton and an electron at the Bragg peak position 1108S. In
more detail, the proton that proceeds 1n the human body 50
may consistently loose kinetic energy, due to inelastic cou-
lombic interactions with electrons around an atom. Through
the inelastic coulombic interactions, there may be a phe-
nomenon 1n which the electron obtains energy and then exits
the atom while being scattering. When the electron obtains
the energy, most of the energy is transformed into thermal
energy. If a temperature change i1s imnduced at a specific
location or space, a sound wave (1.e., an acoustic signal)
spreading to the surroundings may be created. The sensor
300 may be closely attached to the human body 50 to
measure the sound wave. For example, the sensor 300 may
be closely attached to the human body 50, on the opposite
side of the proton generator 100, to measure the sound wave.

The controller 400 may include a commumnication umit
410, a calculation umit 420, and a storage unit 430. The
communication unit 410 may read data measured by the
sensor 300. The calculation umt 420 may calculate an
exposure dose of the proton beam 110 and the Bragg peak
position 110S, by using the data that are read by the
communication unit 410. The intensity of the acoustic signal
measured by the sensor 300 may be a reference for calcu-
lating the exposure dose of the emitted proton beam 110 The
time characteristics of the acoustic signal measured by the
sensor 300 may be a reference for calculating the Bragg peak
position 110S. For example, when the proton beam 110 1s
emitted into the human body 50, the acoustic signals gen-
erated from the Bragg peak position 110S reach the skin of
the human body 50 while spreading 1n all directions. In this
case, the Bragg peak position 110S may be accurately
identified by physically contacting the sensor 300 (1.e., the
acoustic sensor) to the skin to measure the acoustic signal,
and then calculating a correlation between the time when the
proton beam 110 nitially arrives at the human body 50 and
the time measured by the acoustic sensor while taking into
consideration of propagation velocity of the acoustic signal
in the human body.

The storage unit 430 may store an algorithm for the read
and calculation, and the data (for example, the exposure
dose of the proton beam and the Bragg peak position)
calculated by the calculation umt 420. The data calculated
by the calculation unit 420 may be transferred to the proton
generator 100 or the ultrasound generator 200 through the
communication unit 410. In addition, the controller 400 may
turther include an mput/output unit 440. The 1nput/output
unit 440 may include a keyboard, a keypad, and/or a display
device.

Hereinafter, a method for treating cancer by using the
above-described treatment apparatus 10a will be explained.
FIG. 2 1s a flowchart for explaining a method for treating
cancer by using the treatment apparatus of FIG. 1. FIGS. 3
to 7 are schematic conceptual views for explaining the
method for treating cancer by using the treatment apparatus
of FIG. 1.

Referring to FIGS. 1 to 3, firstly, the ultrasonic beam 210
may be emitted to the tumor 60 of the human body 50 (510).
The ultrasonic beam 210 may be emitted into the human
body 50 1n a direction crossing a traveling path of the proton
beam 110 emitted mn a following step. Furthermore, the
ultrasonic beam 210 may be focused on a location of the
tumor 60, which 1s calculated by the treatment planming
system (that 1s, on the Bragg peak position that 1s calculated
by the treatment planning system). That 1s, the focal zone of
the ultrasonic beam 210 may overlap at least a portion of the
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tumor 60. According to an embodiment, a width (d or a
diameter) of the focal zone of the ultrasonic beam 210 may
correspond to a width (or a diameter) of the Bragg peak
position 110S. Heremafter, the width (d or the diameter) of
the focal zone of the ultrasonic beam 210 may be defined as
the minimum width or the mimmimum diameter of the ultra-
sonic beam 210, which 1s measured 1n an emission direction
of the proton beam 110. In a state in which only the
ultrasonic beam 210 1s emitted, a tumor portion on which the
ultrasonic beam 210 1s focused may receive more ultrasonic
energy than other portions of the human body 350. Accord-
ingly, a temperature of the tumor portion increases locally,
and microbubbles may be created 1n the tumor portion. The
microbubbles may provide the effect 1n that a rigid cancer
tissue becomes loosened.

Then, the proton beam 110 may be emitted to the tumor
60 of the human body 50 (520). The proton beam 110 may
be emitted into the human body 50 1n a direction crossing
(for example, 1n a direction perpendicular to) the emission
path of the ultrasonic beam 210. The emission paths of the
ultrasonic beam 210 and the proton beam 110 may cross
cach other to thereby prevent or mimimize the occurrence of
a side eflect in which a normal tissue 1s damaged. That 1s, the
tumor 60, the focal zone of the ultrasonic beam 210, and the
Bragg peak position 110S of the proton beam 110 may
partially overlap each other. The energy of the proton beam
110 may be adjusted so that the proton beam 110 has a stop
point (1.e., the Bragg peak position 110S) at a place 1n which
the tumor 60 1s located in the human body 60. While the
proton beam 110 1s emitted, the emission of the ultrasonic
beam 210 may be stopped or continued.

The apoptosis of the cancer tissue (1.¢., the tumor 60) may
be induced by temperature rise of the tumor portion resulting,
from the emission of the ultrasonic beam 210 and
microbubble oscillation resulting from the temperature rise.
Also, the proton beam 110 subsequently emitted may accel-
erate the apoptosis process of the cancer tissue to maximize
the treatment eflect of the cancer tissue. Furthermore, the
acoustic signal may be generated, through the interaction
between the protons and the electrons, at the Bragg peak
position 110S. The microbubbles generated by the ultrasonic
beam 210 may amplily the acoustic signal.

The sensor may measure an amplified acoustic signal 310
(S30). The controller 400 may calculate the exposure dose of
the proton beam 110 actually emitted and the Bragg peak
position 110S, based on the intensity and the time charac-
teristics of the measured acoustic signal (S40). Furthermore,
the controller 40 may determine whether the differences
between the estimated values of the exposure dose of the
proton beam and the Bragg peak position according to the
treatment plan and the real calculated values of the exposure
dose of the proton beam and the Bragg peak region are
within the allowable tolerance range (550). When the dif-
ference values are within the allowable tolerance range,
additional treatment according to the treatment plan may be
conducted (S60). When the difference values are out of the
allowable tolerance range, additional treatment according to
the treatment plan may be conducted after energy or emis-
sion range ol the proton beam 110 or the ultrasonic beam
210 1s appropriately adjusted.

In the case of the cancer treatment by using only the
proton beam, the types of proton beams to be used are
generally limited, so the treatment effect by using the proton
beam may be insuflicient. Also, since intensities of the
acoustic signal generated during the cancer treatment are not
strong enough to be measured through the acoustic sensor,
it may be diflicult to accurately calculate the exposure dose
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of the proton beam and the Bragg peak position. However,
when the treatment apparatus according to an embodiment
of the inventive concept 1s used, the treatment eflfect of the
tumor (1.e., the cancer tissue) may be maximized by the
temperature rise around the tumor, resulting from the emis-
sion of the ultrasonic beam, and the creation of the

[

microbubbles, 1 conjunction with the synergistic eflect
from the proton beam subsequently emitted. Furthermore,
the exposure dose of the proton beam and the Bragg peak

position may be monitored in real time to enable the more
accurate and stable cancer treatment.

Also, the emission range of the ultrasonic beam 210 may

be variously changed. This will be described below 1n detail
with reference to FIGS. 4 and 7.

Referring to FIG. 4, the ultrasonic beam 210 may be
emitted to the entire path of the proton beam 110 that passes
through the human body 50 including the Bragg peak
position 110S. For example, a width (d or a diameter) of a
focal zone of an ultrasonic beam 210 may correspond to the
distance between a point of the human body 50 at which the
proton beam 110 mitially arrives and the Bragg peak posi-
tion 110S. In the treatment planning process prior to the
cancer treatment, although the Bragg peak position 110S of
the proton beam 110 can be calculated, an error may occur
in the calculation when the proton beam 110 passes through
the bones or the complex tissues. It may be diflicult to expect
the desired treatment and the monitoring effect, when the
proton beam 110 arrives at other region although the ultra-
sonic beam 210 1s emitted to the calculated Bragg peak
region. Therefore, 1n this case, the ultrasonic beam 210 may
be emitted to the entire area through which the proton beam
110 passes within the human body 30, as illustrated 1n FIG.
4.

Referring to FIG. 5, when an error range of the Bragg
peak region predicted by the treatment planming system 1s
known, an ultrasonic beam 210 may be emitted across an
area that 1s wider than the Bragg peak position 110S. For
example, a width (d or a diameter) of a focal zone of the
ultrasonic beam 210 may be greater than a width (or a
diameter) of the Bragg peak position 1108S.

Referring to FIGS. 6 and 7, when the tissue or the organ
which are easily damaged by a strong ultrasonic beam are
located at a path through which the proton beam 110 passes,
an ultrasonic beam 210 may not be emitted to a path before
the proton beam 110 arrives at the tumor 60, unlike the case
of FIG. 4. For example, as 1llustrated 1n FIG. 6, an ultrasonic
beam 210 may be emitted to the entire area of the tumor 60
including an area through which the proton beam 110 passes
within the tumor 60. That 1s, a width (d or a diameter) of a
tocal zone of the ultrasonic beam 210 may correspond to the
length of the tumor 60 according to the emission direction of
the proton beam 110. For another example, an ultrasonic
beam 210 may be emitted to overlap an area through which
the proton beam 110 passes within the tumor 60. That 1s, a
width (d or a diameter) of a focal zone of the ultrasonic beam
210 may correspond to the distance between a point of the
human body 60 at which the proton beam 110 1initially
arrives and the Bragg peak position 110S.

FIG. 8 1s a schematic cross-sectional view for illustrating
a configuration of a treatment apparatus using proton and
ultrasound according to other embodiments of the mnventive
concept. FIG. 9 1s a schematic conceptual view for explain-
ing a method for treating cancer by using the treatment
apparatus of FIG. 8. For simplification of description, the
differences with respect to the treatment apparatus 10a of
FIG. 1 and the method for treating cancer by using the same
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will be mainly described, and detailed descriptions for
duplicated features will be omatted.

Referring to FIGS. 8 and 9, a treatment apparatus 105
using proton and ultrasound may further include an addi-
tional ultrasound generator. That 1s, ultrasound generators of
the treatment apparatus 1056 may include a first ultrasound
generator 200a and a second ultrasound generator 2005. The
first and second ultrasound generators 200a and 2006 may
have the substantially same structure as the ultrasound
generator 200 of FIG. 1.

The first and second ultrasound generator 200aq and 2005
respectively emit ultrasonic beams 210a and 2105, which
are emitted to the tumor 60 1n the human body 50, while
crossing each other at a predetermined angle. That 1s, the
second ultrasound generator 2006 may be disposed to be
spaced apart from the first ultrasound generator 200a so that
the emission paths of the first ultrasonic beam 210a and the
second ultrasonic beam 2105 cross each other 1n a cross-
section. In addition, the emission paths of the ultrasonic
beams 210a and 2105 may cross the emission path of the
proton beam 110. When the two ultrasonic beams 210q and
2105 cross each other at the predetermined angle, 1nterfer-
ence patterns corresponding to the crossing angle may be
generated. The locations at which the interference patterns
are created may be determined by the phase difference
between the two ultrasonic beams 210a and 2105, and the
distances between the interference patterns may change
depending on the crossing angle. At the crossing areas of the
interference patterns, a portion in which the constructive
interference occurs may receive stronger ultrasonic energy
than other portions. In this case, when the phases between
the ultrasonic beams 210a and 2106 are changed, the inter-
ference patterns may be moved in a specific direction.
Accordingly, the crossing areas of the interference patterns
may evenly overlap the tumor 60 to increase the average
energy ol the ultrasonic beam emitted to the tumor 60. The
treatment apparatus 105 according to an embodiment of the
inventive concept may be used in the case that strong
ultrasonic energy is required depending on biochemical or
physical characteristics of the tumor 60, and 1n the case that
the intensity of the acoustic signal generated from the Bragg
peak position 110S 1s weak when the proton beam 110 1s
emitted.

When the treatment apparatus according to an embodi-
ment of the inventive concept 1s used, the treatment effect of
the tumor (1.e., the cancer tissue) may be maximized by the
temperature rise around the tumor, resulting from the emis-
sion of the ultrasonic beam, and the creation of the
microbubbles, in conjunction with the synergistic eflect
from the proton beam subsequently emitted. Furthermore,
the exposure dose of the proton beam and the Bragg peak
position may be monitored in real time to enable the more
accurate and stable cancer treatment.

Although the embodiments of the mventive concept are
described with reference to the accompanying drawings,
those with ordinary skill in the technical field to which the
inventive concept pertains will understand that the present
disclosure can be carried out in other specific forms without
changing the technical 1dea or essential features. Therefore,
the above-disclosed embodiments are to be considered 1n all
aspects as 1llustrative and not restrictive.

What 1s claimed 1s:
1. A treatment apparatus using proton and ultrasound, the
treatment apparatus comprising:
a proton generator configured to emit a proton beam to a
tumor of a body;
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an ultrasound generator configured to emit an ultrasonic
beam to the tumor 1n a direction crossing an emission
path of the proton beam; and
a sensor configured to measure an acoustic signal gener-
ated during the emission of the proton beam,
wherein the proton beam 1s configured to emit so that the
proton beam has a stop location within the tumor, and
wherein the ultrasonic beam 1s configured to emit so that
the ultrasonic beam has a focal zone overlapping the
stop location.
2. The treatment apparatus of claim 1, further comprising
a controller configured to calculate a stop point of the proton
beam or an exposure dose of the proton beam, from the
acoustic signal measured by the sensor.

3. The treatment apparatus of claim 1, wherein the proton
generator comprises a high power laser or a proton accel-
erator.

4. The treatment apparatus of claim 3, wherein the proton
accelerator comprises a synchrotron accelerator or a cyclo-
tron accelerator.

5. The treatment apparatus of claim 1, wherein the ultra-
sound generator 1s configured to emit the ultrasonic beam by
using a transducer based on a piezoelectric element or a
pulse laser.

6. The treatment apparatus of claim 1, further comprising
an additional ultrasound generator for emitting an additional
ultrasonic beam to the tumor, wherein the additional ultra-
sound generator 1s disposed to be spaced apart from the
ultrasound generator so that a first emission path of the
ultrasonic beam crosses a second emission path of the
additional ultrasonic beam 1n a cross-section.

7. The treatment apparatus of claim 1, wherein the body
1s a human body.
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8. A method for treating cancer by using proton and
ultrasound, the method comprising:

emitting an ultrasonic beam to a tumor of a body; and

emitting a proton beam to the tumor irradiated with the
ultrasonic beam,

wherein emission paths of the ultrasonic beam and the
proton beam cross each other 1n a cross-section,

wherein the proton beam 1s emitted so that the proton

beam has a stop location within the tumor, and
wherein the ultrasonic beam 1s emitted so that the ultra-

sonic beam has a focal zone overlapping the stop
location.
9. The method of claim 8, wherein the focal zone has a
width greater than that of the stop location.
10. The method of claim 8, wherein the focal zone has a

width equal to a distance between a point of the body at
which the proton beam itially arrives and the stop location.
11. The method of claim 8, wherein the focal zone has a
width equal to a distance between a point of the tumor at
which the proton beam 1nitially arrives and the stop location.
12. The method of claim 8, further comprising measuring

an acoustic signal generated while the proton beam 1is
emitted.

13. The method of claim 12, further comprising calculat-
ing an exposure dose of the proton beam and a stop point of
the proton beam, from the measured acoustic signal.

14. The method of claim 8, further comprising emitting an
additional ultrasonic beam to the tumor before the proton
beam 1s emitted, wherein the emission paths of the ultrasonic
beam and the additional ultrasonic beam cross each other in
a Cross-section.

15. The method of claim 8, wherein the body 1s a human
body.
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